Brain-derived neurotrophic factor (bdnf) is one of numerous gene products necessary for long-term memory formation and dysregulation of bdnf has been implicated in the pathogenesis of cognitive and mental disorders. Recent work indicates that epigenetic-regulatory mechanisms including the markings of histone proteins and associated DNA remain labile throughout the life-span and represent an attractive molecular process contributing to gene regulation in the brain. In this review, important information will be discussed on epigenetics as a set of newly identified dynamic transcriptional mechanisms serving to regulate gene expression changes in the adult brain with particular emphasis on bdnf transcriptional readout in learning and memory formation. This review will also highlight evidence for the role of epigenetics in aberrant bdnf gene regulation in the pathogenesis of cognitive dysfunction associated with seizure disorders, Rett syndrome, Schizophrenia, and Alzheimer's disease. Such research offers novel concepts for understanding epigenetic transcriptional mechanisms subserving adult cognition and mental health, and furthermore promises novel avenues for therapeutic approach in the clinic.
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The biology of long-term memory formation
One of the most unique features of the brain is its ability to store long-term memories (LTM). Significant advances in molecular and cellular neuroscience research have established the requirement of gene expression changes and subsequent protein synthesis in several memory-related brain regions, including in the hippocampus (Bailey, Kandel, & Si, 2004; Kandel, 2001; McGaugh, 2000) . Several memory models propose that in order for LTM to be long-lasting, learning-induced molecular alterations in gene expression and protein synthesis must trigger lasting changes in cellular and synaptic properties. Thus, alterations in cellular and synaptic properties propagated by these persisting molecular changes are translated as memories by memory-recall processes which trigger activity throughout the memory circuit. However, the molecular mechanisms triggered by learninginduced signaling mechanisms to orchestrate gene transcription changes are still poorly understood and are the focus of intense study.
Numerous studies have proposed the possibility that epigenetic mechanisms might be involved in memory formation. Generally, epigenetic regulation of gene transcription has been shown to occur in response to new experiences which result in gene expression changes necessary for LTM storage and retrieval long after the original experience is introduced (Colvis et al., 2005; Gupta et al., 2010; Jiang et al., 2008; Levenson et al., 2004b Levenson et al., , 2006 Lubin, Roth, & Sweatt, 2008; Martinowich et al., 2003; Nelson, Kavalali, & Monteggia, 2008; Wood, Hawk, & Abel, 2006b) . In fact, a consensus is emerging that epigenetics is a pivotal molecular mechanism orchestrating various transcription events in response to learning and serves as a key regulator of LTM.
To facilitate a comprehensive review of epigenetic mechanisms in LTM, epigenetic regulation of one gene product that is necessary for this process, the brain-derived neurotrophic factor (bdnf), will be highlighted. Specifically, a review about the role of epigenetic mechanisms in the formation of long-term memories will be presented with a focus on recent studies that demonstrate bdnf chromatin structure regulation during memory consolidation. In particular, a discussion of two major classes of epigenetic mechanisms will be reviewed in the context of memory formation including posttranslational modifications of histone proteins and methylation of DNA that comprise the core chromatin particle. Finally, this review will conclude with the promise that epigenetic therapy holds for alleviating cognitive deficits associated with neurological disorders including epilepsy disorders, Rett syndrome, schizophrenia, and Alzheimer's disease wherein aberrant bdnf regulation has been implicated.
